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ABSTRACT 
An electron microscope investigation was madc of the carotid body in the cat and the rabbit. 
In thin-walled blood vessels the cndothelinm was fcncstratcd.  Larger vessels werc surrounded 
by a  layer of smooth muscle fibers. Among the numerous blood vessels lay groups of cells of 
two types covered by basemcnt  mcmbrancs.  Aggregates of Type  I  cclls were invcstcd  by 
Type II cells, though occasionally cytoplasmic extensions wcre  covered by basement mcm- 
branc only.  Typc I  cells contained many electron-opaque  cored  vcsicles (350 to  1900 A  in 
diameter) rcscmbling those in endocrine secretory cclls.  Type II cells covcrcd nerve cndings 
terminating on Type I  cclls and enclosed nervc fibers in much the same manner as Schwann 
cclls. Thc nerve endings contained  numerous microvesiclcs (~  500 A  in  diameter),  mito- 
chondria,  glycogen granules,  and  a  few elcctron-opaquc cored vesicles. Junctions  bctwccn 
ncrve endings and  Type  I  cells were associated  with regions of incrcascd  density  in  both 
intcrcellular spaces and the adjoining cytoplasm.  Cilia of the 9  ~- 0  fibril pattern  were ob- 
served in Type I and Type II cells and pericytes. Nonmyelinated ncrve fibcrs, often contain- 
ing microvcsicles, mitochondria, and a few electron-opaque cored vcsiclcs (650 to 1000 A in 
diameter) were prcscnt in Schwann cells, many of which wcrc situated close to  blood vcsscls 
Ganglion  cells near  the  periphery  of the  gland,  fibrocytcs,  and  segments  of unidentified 
cells were also seen.  It was concluded that, according to present concepts of the structure of 
nervc cndings,  those endings related to Type I  cells could be cffcrent or afferent. 
The carotid  body  is a  chemoreceptor  sensitive to 
changes  in  concentrations  of  blood  oxygen  and 
carbon dioxide.  It is supplied by two nerves.  One 
of  these  is  the  sinus  nerve,  which  contains  the 
chemoreceptor  afferent  fibers  (9,  40).  The  other 
nerve  is  a  postganglionic  branch  of the  superior 
cervical  ganglion  (36),  excitation  of  which  in- 
creases the activity recorded in the chemoreceptor 
afferents  (4,  28,  34)  and  decreases the blood flow 
through  the carotid  body  (10). 
De Castro  (11-13)  suggested that certain paren- 
chymal  cells within  the  carotid  body  functioned 
as chemoreceptors, now a generally accepted view. 
If De Castro is correct, one might expect speciali- 
zation at the nerve ending-receptor cell junction, 
but  this  has  not  been  demonstrated.  Therefore, 
the  fine  structure  of the  carotid  body  was  reex- 
amined,  with  special  reference  to  the  nerve end- 
ings,  and  this  paper  presents  additional  morpho- 
logical  observations  pertaining  to  the  physiolog- 
ical role of the carotid  body.  A  brief preliminary 
account of a few of the early results has been pub- 
lished  (5). 
METHODS 
One carotid body was removed from each of 10 cats 
and 8 rabbits,  in the following manner. The animals 
were anesthetized with intraperitoneal sodium pento- 
barbitone,  30  mg/kg.  The  trachea  was  cannulated, 
and  the  larynx  and  pharynx  were  reflected  in  the 
563 FIGVR~ 1  Carotid body tissue showing blood vessels (V), Type I cells (/) containing numerous electron- 
opaque cored vesicles, Type II cells (II), nerve endings (E), endoplasmic reticulum (ER), centriolc (C), 
nerve fibers (N), and Golgi apparatus (G). In one Type II cell there are large vacuoles of the Golgi appara- 
tus (arrow). Note the basement membrane (BM) around the cell groups.  X  10,000. FmuaE 2  Type I  cell containing electron-opaque cored vesicles, several rounded bodies  (B)  (probably 
lysosomes), and mitochondria. It is surrounded by a Type II cell and basement membrane (BM). A nerve 
ending (E)  is in contact with the Type I  cell over a length of 6 #. Fenestrae (F)  are present in the endo- 
thelium of one blood  vessel which is separated by basement membrane (BM) and collagen from paren- 
chymal cells.  The  other  vessel  (bottom)  is  separated  from these cells  by  unidentified  cell  processes 
alternating  with  layers  of collagen.  Within the Type  II  cell  are  cell  processes (CP), some containing 
electron-opaque  vesicles,  which  are  probably  extensions  of Type  I  cells. Some of these  processes  are 
covered on one side only by basement membrane. X  12,500. 
midline to  expose  the  medial  aspect of the common 
carotid  bifurcation.  The  external  carotid  artery  was 
ligated  and  a  Polythene  cannula  inserted  into  the 
common  carotid  artery.  Prior  to  commencing per- 
fusion, flow through  this  artery  was  arrested  for  no 
more  than  30  see  during  which  time  there  was  in- 
variably  a  reflux  of  blood  into  the  cannula  from 
anastomotic vessels in the sinus region. The sinus and 
the carotid body were perfused, via the cannula, with 
5  to  10 ml of either 5% glutaraldehyde in Sorensen's 
phosphate  buffer  at  pH  7.3-7.4  or  1%  buffered 
osmium tetroxide at pH  7.3-7.4  (78).  Perfusion pres- 
sure was sufficient to overcome the reflux of blood into 
the carotid  body  vein as viewed  with  the  dissecting 
microscope. The carotid body was then removed, cut 
into  small blocks,  and  placed  in fresh fixative.  After 
perfusion with glutaraldehyde, fixation was continued 
in fresh glutaraldehyde for  1 to 3 hr. The blocks were 
washed  in  phosphate  buffer  for  1 to  2  hr,  postfixed 
in  1%  osmium  tetroxide  for  16  hr,  dehydrated  in 
ethanol,  and  embedded  in  Araldite.  After  perfusion 
with  osmium  tetroxide,  fixation  was  continued  for 
16 to  18 hr,  and the blocks were then dehydrated  in 
ethanol  and  embedded  in  Araldite.  Thin  sections 
were  cut  on  an  LKB  mierotome,  stained  with  lead 
(51)  and uranyl acetate,  and examined in a  Siemens 
Elmiskop I. 
The illustrations are of cat tissue fixed in glutaral- 
dehyde,  unless otherwise stated. 
RESULTS 
The  basic  morphology  of  the  carotid  body  was 
similar  in  the  cat  and  the  rabbit. 
The  parenchymal  cells, found in  groups among 
blood  vessels  (Figs.  1  and  2),  were  of  two  main 
T.  J.  BISCOE  AND  W.  E.  STEItBEN8  Carotid  Body UltrastructUre  565 FmvaE 3  Two processes  of Type I cells covered on one side only by basement membrane (BM) sepa- 
rated by collagen from the basement membrane of fenestrated endothelium. Multivesicular bodies (MV) 
are present in one cell.  ×  15,000. 
Wpes. One cell type, which contains vesicles having 
an  osmiophilic,  electron-opaque  core,  has  been 
variously  referred  to  as  the  glomus  cell  (49), 
chemoreceptor  cell  (69),  or Type  I  cell  (14,  15) 
and  probably  corresponds  to  De  Castro's  epi- 
thelioid cell. The  second  cell type  has  no  osmio- 
philic granules.  It has been variously called peri- 
cyte  (49),  sustentacular  cell  (69),  or Type  II  cell 
(14,  I5).  The terms Type  I  cell and  Type  II cell 
(14)  will be  used  because  no  specific function  is 
thus implied. 
Blood Vessels 
Blood  vessels  were  numerous  and  were  more 
than  7  /z in  diameter.  In  cross-section  they  were 
lined  by  three  or  more  endothelial  ceils.  Some 
vessels  were  partly  invested  by  pericytes,  while 
larger vessels were surrounded by a layer of smooth 
muscle fibers.  There was no elastic tissue in their 
wails.  The  layer  of  flattened  endothelium  was 
continuous  and  of variable  thickness.  The  endo- 
thelial cells contained  the  usual  cytoplasmic con- 
stituents  (32,  56,  75),  and  fenestrae  (500  to 700 A 
in  diameter)  were  found  in  attenuated  segments 
of thin-walled  vessels  (Figs.  2  and  3).  Cilia were 
observed  in  pericytes;  they  projected  from  the 
endothelial  aspect  of  the  cells,  but  their  fibril 
pattern  was not determined. 
Type I  Cells 
These  cells  were  complex  in  shape.  They  oc- 
curred  in  groups  and  were  invested  by  Type  II 
cells  (Figs.  l,  9,  and  4).  Occasionally,  exposed 
cytoplasmic  extensions  were  covered  by  only  the 
basement  membrane  surrounding  the  cell groups 
(Figs. 3 and 4).  Sometimes these exposed segments 
of Type I  cells were in close proximity to the basal 
surface of vascular endothelium and  its associated 
basement  membrane  (Fig.  3). 
The  distinguishing  feature  of Type  I  cells was 
the presence of electron-opaque cored vesicles (49, 
69), 350 to 1900 A in diameter,  widely  distributed 
throughout  the  cytoplasm,  though  their  concen- 
tration  varied  from cell  to  cell.  Each  vesicle was 
bounded  by  a  single  trilaminar  membrane  and 
contained  material  which  varied  from  dense  to 
566  THE  ~OUP~AL  OF  CELL  BIOLOGY • VOLUME 30,  1966 FmVRE 4  Type I  cells with nerve endings (E), showing the complexity of the cell outlines within the 
basement membrane (BM) of the Type  I/Type  II cell complex.  Nuclear pores  (arrows),  endoplasmic 
reticulum (ER). Nerve fibers (N) are surrounded by Type II cells and a Schwann cell (S). Nerve fiber at 
X  is covered by basement membrane on one side.  X  15,000. 
lightly  granular  (Figs.  2  to  4)  and  rarely  filled 
the  vesicles.  At  times,  this  electron-opaque  ma- 
terial  appeared  in  the form  of a  ring  with  a  less 
dense  center.  These  vesicles  were  plentiful  in 
glutaraldehyde-fixed  tissue,  whereas  in  OsO4- 
fixed  tissue  they  showed  depletion  of  their  con- 
T.  J.  BISCOE  AND  W.  E,  STEHBENS  Carotid Body Ultraslructure  567 FIGUI{E 5  Electron-opaque cored vesicle is fused with part of the Golgi apparatus.  )< 45,000. 
FIGVRE 6  Electron-opaque cored vesicle is apparently fused with a  second vesicle having a  fibrillary 
outer coat.  X  30,000. 
FIGURE 7  Electron-opaque cored vesicle with fibrillary outer coat.  X  00,000. 
tents  and  rupture  of  the  limiting  membrane. 
Occasionally, they were intimately related to other 
cytoplasmic  organelles.  They  fused  with,  or 
budded from sacs of the Golgi apparatus  (47,  49, 
69)  (Fig.  5)  but  rarely  fused  with  dense-walled 
(75) or coated vesicles (70)  (Fig. 6). An occasional 
osmiophilic  granule  had  an  external  fibrillary 
coating similar to that of the coated vesicles (Fig. 
7).  Several  coated  vesicles  (400  to  1200  A  in  di- 
ameter) were  scattered throughout the cytoplasm, 
and  some  opened  on  the  cell  surface  (Fig.  8). 
Flattened,  elongated  sacs of granular endoplasmic 
reticulum  were  frequently  found  in  parallel  ar- 
rangements  (Fig.  4),  and  dense  granules  (160  to 
190 A  in diameter)  akin  to  those  associated  with 
the  endoplasmic  reticulum  were  dispersed  either 
freely or in groups in the cytoplasm. Mitochondria 
up  to  1.3  /z in length  and  0.2  to 0.35  /~ in width 
were  plentiful,  and  branched  forms  were  not  un- 
common.  Also  present  were  rounded  or  oval 
trilaminar  membrane-bounded  structures  (0.3 
to 0.7 g  in diamcter) whose contents were electron 
opaque  and  granular or homogeneous  (Figs.  2,  3, 
and  10).  Some of these structures were muhilobed 
and  often  contained  a  rounded,  sharply  demar- 
cated  lighter zone of homogeneous material up to 
FIGVaE 8  Nerve ending (E), Type I cell and Type II cell containing fibrils and bounded by a basement 
nlembrane (BM). The nerve ending contains microvesicles and mitoehondria and shows electron-opaque 
cytoplasm (ED) at one point on the junctional region with the Type I  cell.  There is an invagination 
(arrow) of the Type I cell membrane which shows a fibrillary coating on the cytoplasmic surface and mod- 
erate density of the contents. X  30,000. 
568  THE  JOURNAL OF  CELL BIOLOGY • VOLUME  30, 1966 FIGURE 9  A  nerve ending (E)  containing mitochondria, microvesicles and a  few small, dense cored 
vesicles.  There is an increase in the electron opacity (ED) of the subjacent cell cytoplasm at one point 
in the junctional region. In the Type I cell are the Golgi apparatus with associated electron-opaque cored 
vesicles  (arrow)  and microtubules (T)  and fragments of the cndoplasmic reticulum.  X  30,000. 
FIGURE l0  A junctional region between two Type I  cells  from OsO~-fixed tissue, showing a  complex 
similar  to  the  zonula adhaerens. Two  opaque  granular  bodies  (B), probably lysosomes, can be seen. 
X 40,000. 
FmURE 11  A cilium arising from a basal body in a Type I cell and showing the extracellular space (ES). 
Part of the Golgi apparatus (G) and microtubules (T) are also shown. )<  13,000. 
T.  J.  BIsco~ A~D  W.  E.  STEHBENS  Carotid Body Ultrastructure  569 FmVRE 1~  Cilium arising from a basal body, one of a pair of centrioles, within a Type I cell.Cell membrane 
(CM), and extracellular space (ES). The electron-opaque cored vesicles are depleted (Os04) fixation). The 
structure marked R may be a rootlet or pericentriolar body.  X 30,000. 
0.3  /~  in  diameter  (Fig.  2).  These  were  probably 
lysosomes, though  hydrolytic enzyme studies were 
not performed to identify them. 
Microtubules,  170  to  250  A  in  diameter,  were 
prevalent  (Fig.  9)  particularly  in the centrosomal 
region.  Paired centrioles with axes at right angles 
to  each  other  occurred  in  close  association  with 
the  Golgi  apparatus.  Some  centrioles  were  con- 
tinuous  with  a  cilium,  over  the  surface  of which 
the  cell  membrane  was  reflected  down  to  the 
attachment  to the centriole in which there was an 
extracellular sac  (Figs.  11  and  12).  The cilia had 
an  over-all  diameter  of  about  2200  A  and  con- 
tained  circumferentially  arranged  fibrils  each 
250 A  wide.  In transverse  sections they were seen 
to  have  the  9+0,  or  in  some  cases  the  8+1, 
filamentous  structure.  Several  cilia  extended  be- 
yond  the  normal  cell  margin  and  lay  parallel  to 
the  surface  of the  Type  I  cell  where  they  were 
covered by Type II cells. 
Occasional  junctional  complexes  occurred  be- 
tween adjacent Type I  cells. One variety (Fig.  10), 
similar  to  the zonula adhaerens (7,  30),  displayed 
slight  separation  of  opposing  cell  membranes, 
with a  linear density in the intercellular cleft. The 
related  cytoplasmic densities were as much as 800 
A  wide.  A  few junctions  were  seen  in  which  the 
intercellular cleft was narrowed considerably. The 
outer laminae of the opposed  membranes  did  not 
fuse,  and  the  adjacent  cytoplasmic  density  was 
never  more  than  100  A  wide. 
Type II Cells 
Attenuated  cytoplasmic extensions of these cells 
invested and  separated  Type  I  cells,  nerve fibers, 
and  nerve  endings.  The  fingerlike  extensions  of 
•  Type I  cells were not always completely enveloped 
(Fig.  3),  segments being in direct apposition with 
the  basement  membrane  (350  to  650  A  wide) 
surrounding  the cell complexes. Nerve fibers were 
related to Type II cells in much the same manner 
as they are to Schwann cells (Figs.  1, 2,  and 4). 
The  nucleus,  at  times multilobed,  was  situated 
in  the  broadest  segment of the cell to  one side of 
groups  of  Type  I  cells.  Cytoplasmic  inclusions, 
not  so  numerous  as  in  Type  I  cells,  were  mostly 
concentrated  in  the  nuclear  region.  There  were 
cilia of the 9 +0 fibril pattern,  exhibiting the same 
relationship to the centrioles as in the Type I  cells. 
Vesicles of the  Golgi apparatus  were  as much  as 
0.8  /z in  diameter  (Fig.  1),  probably  correspond- 
ing  to  the  "vacuolated  area"  described  by  De 
Kock and Dunn  (15).  The attenuated  cytoplasmic 
extensions contained  primarily microtubules  (150 
A  in  diameter)  and  fine  fibrils  (50  to  100  A  in 
diameter).  Densities up  to 0.1  u  long and  300  A 
wide  were  found  along  the  plasma  membrane 
adjoining the basement  membrane. 
Nerve Fibers 
Nonmyelinated  nerves  within  Schwann  cells 
were  common  between  blood  vessels  and  paren- 
chymal cells. Single nonmyelinated fibers occurred 
frequently  within  Type  II  cells  (Figs.  1  and  4), 
often  abutting  on  Type  I  cells and,  in  a  few in- 
stances,  lying  between  adjacent  Type  I  cells. 
Within  the  nerves  and  also  the  Schwann  cells 
there  were two types of filament,  viz.  fine fibrils, 
570  THE  JOURNAL  OF  CELL  BIOLOGY •  VOLUME 30,  1966 I~IOURE 13  A  nerve ending  (E)  containing microvesicles,  small mitoehondria,  and  mulberry-shaped 
granules (MG). There is an increased electron opacity (ED) of the cytoplasm of the nerve ending and 
the Type I  cell at the junctional region. Microfibrils (MF) are present in the cytoplasm of the Type II 
cell.  A multivesicular body (MV)  is shown in an unidentified cell process.  )< 50,000. 
Fm•nE  14  Nonmyelinated  nerve  fiber  within  a 
Schwann  cell,  both  showing  small  and  large  fibrils. 
X  60,000. 
50 to  100 A  in diameter,  and microtubular forms 
(see Elfvin,  22,  23),  250  to  300  A  in  diameter. 
(Fig.  14). 
Myelinated  nerves  were  less  numerous  than 
nonmyelinated  fibers.  They  were  most  common 
near the periphery  of the carotid  body,  but their 
presence  elsewhere  indicated  that  they  were  not 
restricted  to this area  as has  been  suggested  pre- 
viously  (69). 
Nerve Endings and  Type I  Cells 
Nerve  endings  were  recognized  and  distin- 
guished  from  nerve  fibers  passing  through  the 
Type  II cells by the presence of accumulations of 
mitochondria  and  small  vesicles  (49).  The  mito- 
chondria  in  nerve  endings  were  smaller  than 
T.  J.  BiscoE  AND  W.  E.  STEHBENS  Carotid  Body Ultrastructure  571 FIGURE  15  A  nerve  ending  (E)  con- 
taining microvesicles,  small mitochondria, 
two  small  vesicles  with  electron-opaque 
cores, and a vesicle similar to the complex 
vesicle  (37)  (CV).  There  are  regions  of 
increased cytoplasmic density  (El)), one 
of  which  has  a  serrated  appearance. 
X  45,000. 
those in Type I  cells and were 0.10 to 0.18  u  wide 
and  less  than  0.6  ~  long.  The  small  vesicles (up 
to 500 A  in diameter)  in nerve endings were often 
present  in  large  numbers.  They  were  similar  to 
the  synaptic  vesicles described  at  synapses  in  the 
nervous  system  (38).  They  were  sometimes  con- 
centrated  where  the  nerve  endings  were  in  ap- 
position with Type I  cells (Figs. 4, 9, and  13),  but 
never  were  they  within  the  cytoplasm  of the  ad- 
joining Type I  cells.  Other less numerous vesicles, 
500  to  1000  A  in  diameter,  had  electron-opaque 
cores,  400  to  850  A  wide  (Figs.  9,  16,  and  17). 
These were larger, less dense, and fewer in number 
than  those  in  sympathetic  nerve  endings  of  the 
pineal  gland  (6,  65,  77),  vas  deferens  (63),  iris 
(64),  and  pancreatic  blood  vessels  (48). 
The  nerve endings  had  additional  constituents, 
including glycogen granules  (62),  about  100  A  in 
diameter,  mostly  in  mulberry-shaped  aggregates 
up to 500 A  in diameter.  These were either inter- 
spersed  with  the  vesicles  and  mitochondria  or 
occurred  in  areas  of  axoplasm  of  diminished 
density  sometimes  encircled  by  mitochondria 
(Fig.  13).  Occasionally,  they were surrounded  by 
concentrically  arranged  membranes.  Coated  or 
dense-walled  vesicles  sometimes  opened  on  the 
surface  of  the  nerve  endings,  but  showed  no 
special  predilection  for  the  nerve  ending-Type  I 
cell junction.  A  few  fibrils,  100  A  in  diameter, 
were  sometimes  arranged  parallel  to  the  plasma 
membrane  (Fig.  16).  Microtubules,  250  A  in 
diameter,  and  collapsed  irregularly  shaped  mem- 
branous  sacs  were  also  seen. 
The diameter of the nerve endings (0.5  to 2.0 #) 
was  greater  than  that  of the  nerve  fibers  (0.2  to 
0.5  #)  enclosed  by  Type  II  cells.  Some  endings 
were  completely  enveloped  by  Type  II  cells, 
whereas others were closely applied to the surface 
of Type I  cells. According to the plane of section, 
some lay in  a  shallow  groove in  the  Type  I  cell, 
and  others  extended  around  the  periphery  of 
Type I  cells (Fig.  2)  for as much  as 9  #.  Usually, 
only one nerve ending  was found  associated  with 
or  enclosed  by  the  cytoplasm  of  a  Type  I  cell. 
Sometimes 2 or 3  endings were seen, though  these 
could have been from the same nerve fiber cours- 
ing over the cell surface. 
The  plasma  membranes  of  the  nerve  endings 
and  the  Type  I  cells  were  100  to  200  A  apart. 
The striking feature of these opposed cell surfaces 
572  THE  ,]-OL~RNAL  OF  CELL BIOLOGY • VOLUME  30, 1966 FIGURE 16  Nerve ending (E)  contain- 
ing microvesicles, small mitochondria, 
two small vesicles with electron-opaque 
cores and fibrils  (NF). There  is a small 
increase in cytoplasmic density at ED. 
In the Type I cell a microtubule (T) is 
shown.  X  80,000. 
was  the presence of one or more  specialized elec- 
tron-opaque zones 0.07 to 0.5 ~  in length  (Figs. 8, 
9,  13,  15,  and  16),  not  unlike  the zonula adhaerens 
(7,  30).  Here  the  plasma  membranes  were  some- 
times separated  by an additional  50 A. The inter- 
cellular  cleft  was  of  slightly  increased  density, 
and  occasionally a  central linear density  was  ob- 
served.  The  adjacent  cytoplasms  of  the  nerve 
ending  and  Type  I  cell were of increased  density 
for a  distance  of up  to 600  A  from the cell mem- 
branes.  Usually  the  cytoplasmic  densities  were 
wider  in  Type  I  cells  than  in  nerve  endings.  A 
few of these densities were serrated  (Fig.  15) on one 
or the other side of the junction, rather than on one 
side  only  as in  the  Type  I  synaptic  thickening  of 
Gray  (38).  From one to eight of these  specialized 
sites occurred  along the area  of apposition.  How- 
ever, no such specialization was present elsewhere 
on the nerve endings. 
Nerve Endings Related to Blood Vessels 
Schwann cells containing several small nerve fi- 
bers,  at times only 0.1  /~ in diameter,  were preva- 
lent. Frequently, they were close to the endothelial 
basement membrane of blood  vessels.  Often the fi- 
bers  were  not  completely  invested  by  Schwann 
cells,  being  covered  on  one  side  only  by  the  sur- 
rounding  basement  membrane  (Fig.  17).  Nerve 
endings in these Schwann cells were recognized by 
their content  of microvesicles (about  500 A  in di- 
ameter),  mitochondria  (0.1  to  0.13  /~  diameter), 
and  vesicles  (650  to  1000  A  diameter)  with  elec- 
tron-opaque cores (Fig.  17).  On several occasions, 
nerve endings containing mitochondria and micro- 
vesicles were separated from the muscle cells about 
blood  vessels by  basement  membrane  only. 
Other  Cells 
Ganglion cells, morphologically similar to those 
in the superior cervical ganglion, were occasionally 
observed  near  the  periphery  of the  carotid  body. 
Numerous portions of unidentified cells closely ap- 
plied  to one another  were associated  with clumps 
of Type  I  and  Type  II  cells.  The extraordinarily 
T.  J.  BIscoE AnD  W.  E.  STEHBENS  Cao'otid  Body Ultrastructure  573 FIGURE 17  Beneath a  blood vessel lies a Schwann cell with many nonmyelinated nerve fibers,  some of 
which (arrows)  contain electron-opaque cored vesicles and microvesicles. Nerve fiber at X  is covered by 
basement membrane only on one side.  X  ~0,000. 
complex pattern  sometimes produced could be ex- 
plained  by the interlocking of numerous  cytoplas- 
mic extensions of both  Type  I  and  Type  II cells. 
DISCUSSION 
This investigation has revealed several new features 
relevant to the functional role of the carotid  body. 
With regard to the general morphological organi- 
zation of the body, there are important differences 
between our findings and those of previous workers 
(15, 25, 35, 41, 49, 69). 
Blood Vessels 
In the previous electron microscope studies (15, 
25, 35, 41, 49, 69), fenestrated endothelium was not 
observed. Fenestration is known  to occur in atten- 
uated vascular endothelium in the stomach,  intes- 
tines,  endocrine  glands,  kindey,  and  eye  (32,  42) 
and  in  unusual  sites in  the frog  (75).  In  general, 
fenestration is said to indicate an intermediate de- 
gree of vascular permeability  (32). 
Type I  and  Type II Cells 
The vesicles which have an electron-opaque core 
are remarkably similar in appearance to the secre- 
tory granules found in parenchymal cells of endo- 
crine glands (8, 24, 31, 46, 54, 71), argentaffin cells 
of  the  bronchial  glands  (3)  and  stomach  (61), 
specialized  cells  (Merkel  ceils)  of  the  epidermis 
(52)  and  also  in sweat glands (53).  This distribu- 
tion has ted to the general  belief that  the  vesicles 
are  storage  sites  for  physiologically  active  sub- 
stances.  It  is  pertinent,  therefore, that they  occur 
in considerable numbers in Type I  cells, at  which 
site the nature  of such  a  stored  substance  remains 
in  doubt,  though  Lever et  al.  (49)  reported  that 
reserpine  treatment depleted  the  vesicles  of their 
electron-opaque contents.  However, in the present 
investigation,  depletion  of  these  vesicles  resulted 
from osmium tetroxide fixation alone. Since Lever 
et al. fixed their material  in  osmium tetroxide, the 
possibility of a  fixation artifact must be taken into 
account  in  an evaluation of the effect of reserpine 
administration.  Nevertheless, the deduction,  from 
this observation, that  a  catecholamine is found in 
the  electron-opaque,  cored  vesicles  is  supported 
by the finding that noradrenaline is present in sites 
in which Type I  cells are most prevalent  (55,  60). 
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(66)  support this contention, though the evidence 
is by no means conclusive. Tests  for  other  phar- 
macologically  active  substances were  not  made 
by these  authors. The relationship of Type I cells 
to Type II cells is morphologically  clear, though it 
remains functionally obscure. Like Schwann cells, 
Type II ceils may be  supporting or  sustentacular 
cells  (69)  for  the  many  nerve  fibers  coursing 
through them. 
The  infrequent  intimate  connection  between 
dense cored  vesicles  and  coated  or  dense-walled 
vesicles is similar to that reported in yolk formation 
in mosquito oocytes (70). These specialized vesicles, 
believed to be concerned with the selective uptake 
of protein, were observed in all cell types and ap- 
pear to be ubiquitous. 
Cilia similar to those  seen  in this investigation 
have been described by Rogers (67) in cells of the 
amphibian carotid  labyrinth  which  are  compa- 
rable to Type I cells. The cilia in the carotid body 
and in the labyrinth have a diplosomal basal struc- 
ture. Their associated  9 +0 fibril pattern has been 
demonstrated in endocrine cells  (2,  18),  various 
sensory receptors especially those sensitive to light 
(16,  20), the nervous system  (19,  39,  76),  and in 
many other diverse sites (1, 18, 73). Thus, this type 
of cilium appears to be widely distributed in the 
animal kingdom, and to  draw  any general con- 
clusion regarding its function does  not seem pos- 
sible. It is thought to be nonmotile; and the notion 
that the cilium is a receptor (2, 47) is without ex- 
perimental foundation. The function of the  cilia 
within the carotid body is undetermined. 
Fenestrations in vascular endothelium and cells 
containing dense-cored vesicles  and cilia are  ob- 
vious  structural  similarities between  the  carotid 
body and endocrine glands. Type I cells differ from 
endocrine cells in that, for the most part, they are 
invested by Type II cells. 
Ganglion  Cells 
Smith (72) and Rogers (68) have described sym- 
pathetic  ganglion cells  participating in  the  em- 
bryological development of the carotid body. The 
occurrence of small numbers of ganglion cells  in 
the present study is consistent with the findings of 
these  and previous workers  (11,  12,  45,  59). 
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